From neurodegeneration to neurohomeostasis: the role of ubiquitin.
Several years ago ubiquitin immunocytochemistry first demonstrated that ubiquitin protein conjugates are present in intraneuronal inclusions in all the major human chronic neurodegenerative diseases, as well as in inclusions in cerebellar astrocytomas and in hepatocytes in alcoholic liver disease. Unexpectedly, further studies showed that Lewy bodies are present in the cortex. Lewy bodies were originally described in the brain stem and are pathogonomic in the neuropathological diagnosis of Parkinson's disease. A balanced interpretation of further elegant experimental approaches, including transgenesis, suggests that the formation of intraneuronal inclusions is cytoprotective. Putative oligomeric proaggregates (prefibrillar entities) of cellular proteins inhibit the 26S proteasome and promote apoptosis. In the last few years a clutch of distinct experimental approaches have focused on the roles of ubiquitin-related processes in the development of the nervous system and neurohomeostasis. It is now clear that the ubiquitin/proteasome system (UPP) has a pivotal role in synaptogenesis, the formation of neuromuscular junctions and neurotransmitter receptor function. The inhibitory GABA(A) receptor, alpha1 glycine receptor, beta(2)-adrenergic receptor and arrestin, opiate receptors and the excitatory metabotropic glutamate receptor (mGluR1alpha) are regulated by the UPP. It is also increasingly clear that the regulation of long-term synaptic plasticity, and therefore memory, is dependent on both protein synthesis and protein degradation. Therefore, for the first time we have the opportunity to dissect the substrate of memory and the basis of cognitive decline in aging and in chronic neurodegenerative disease. Clearly, further understanding will provide a platform for novel drug development to treat chronic neurodegenerative diseases, including Alzheimer- and Parkinson-related conditions, and possibly psychiatric disorders.